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Overview of the MIT Research Laboratory of Electronics
Joint Services Electronics Program
for the period
November 1, 1985 - October 31, 1988

The MIT Research Laboratory of Electronics Joint Services Program is comprised of six-
teen work units spanning a broad array of topics in high-speed optics, surfaces and phase
transitions, submicron structures, electronic conduction, properties of electronic intercon-
nects, and atomic and molecular physics.

A major emphasis of the work in high-speed optics has been the develcpment of
femtosecond optical puises by means of nonlinear, self-limiting optical properties. These
ultrashort pulses have been used as probes of electronic processes, and also in the context
of optical signal processing. In addition, they have been exploited in studies of optical
interactions with matter, which have led to the observation of new efiects with spectroscopic
applications.

In the area of surfaces and phase transitions, a balanced program includes both theorists
and experimentalists. Theoretical studies have allowed the accurate prediction at atomic-
level dimensions of realistic semiconductor surfaces at room temperature, subject to de-
position of electronic materials such as aluminum. These theories also account for surface
reconstruction among the top monolayers of a substrate lattice. Accurate studies have also
characterized phase transitions in chemisorbed systems, and high-resolution x-ray diffuse
scattering has been used to experimentally confirm theoretical predictions of surface re-
structuring, as well as to reveal new phenomena in modelled systems. Unique phases in
colloidal crystals have also been revealed experimentally, and a unique apparatus has been
built to study chemical reaction dynamics on semiconductor surfaces, thus providing for the
first time an accurate characterization of chemical bonding on semiconductor surfaces as
a result of common processing procedures such as reactive ion etching.

The JSEP program at MIT has built up a strong submicron structures laboratory which
utilizes x-ray lithography to build a large array of structures and electronic devices. One
example of the exploitation of this capability is the construction of very narrow field-effect
transistors, which show quantum confinement effects, and which have led to a new under-
standing of electronic conduction in submicron silicon field-effect transistors. In addition
to the experimental studies with these devices, a new picture of quantum transport in low-
dimensional disordered systems has been achieved. By means of the control of kinetic
growth processes, the microstructural evolution of thin-film electronic materials (including
both semiconductors and metals) has been extensively studied and characterized with a
view toward providing high-quality semiconductor materials, as well as metals with large
grain size which are resistant to electromigration. Following the theme of studying the
properties of interconnect structures, basic electromagnetic studies of multilayer media
have been made in the time domain so that transmission characteristics in complex com-
puter interconnect structures can be precisely understood.

A major thrust of the MIT Research Laboratory of Electronics JSEP program has been
fundamental studies in atomic and molecular physics. Recently, with the advent of laser
techniques to provide for atom isolation, new experiments have been initiated which are
expected to lead to precision measurements of mass and time using these trapped atomic




particles. Our expectation is that improvements in time accuracy of approximately three
orders of magnitude will be achieved as contrasted to currently available atomic clocks,
@ which were also invented in the MIT JSEP program. In addition, mass measurements are
expected to be improved by at least two orders of magnitude, thus opening many new op-
portunities in mass spectrometry. These studies have grown naturally from a context of

molecular, atomic, and atom field interactions studied over many years in the JSEP pro-
gram at a fundamental level.
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